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1
METHOD FOR PRODUCING
POLYGLYCEROL (POLY)CARBONATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present applicationis a U.S. national stage entry under
35 US.C. §371 of International Application No. PCT/
EP2013/064595 filed Jul. 10, 2013, which claims priority to
FR Application No. 12.56678 filed on Jul. 11,2012, the whole
content of this being herein incorporated by reference for all
purposes.

The present invention relates to a method for producing
polyglycerol (poly)carbonate.

Methods for the synthesis of glycerol carbonate are widely
described in the literature.

Methods applying organic carbonates have been devel-
oped.

A method for preparing glycerol carbonate by reaction of
glycerol and of a cyclic organic carbonate in the presence of
a solid catalyst comprising a bicarbonated or hydroxylated
anionic macroporous resin or a three dimensional zeolite of
the X orY type including basic sites at a temperature com-
prised between 50 and 110° C. is known notably from EP 0
739 888. The yield of the reaction is of the order of 90%. In
order to obtain this yield, it is however necessary to draw off
the ethylene glycol formed during the reaction. The method is
applicable to pure glycerol as well as to glycerins.

A method for preparing glycerol carbonate by reaction
between dimethyl carbonate and glycerol by transesterifica-
tion catalysed by a lipase is also known from US2010/
0209979.

JP06329663 discloses a method for preparing glycerol car-
bonate by reaction between ethylene carbonate and glycerol
catalyzed by aluminium, magnesium, zinc, titanium, lead
oxides. Other methods were developed by catalysis with
CaO. However, these catalysts are not stable and are notably
degraded by water and do not give the possibility of conduct-
ing the method continuously.

There exist other methods notably using phosgene and
urea. The phosgene method, however, has the drawback of
being highly toxic and is therefore not suitable for preparing
products entering the manufacturing of food, cosmetic or
pharmaceutical compositions.

From EP 0 955 298, a method for synthesis of glycerol
carbonate is thus known, consisting in the reaction of glycerol
with urea in the presence of a catalyst of the metal or orga-
nometal salt type and having Lewis acid sites. The obtained
molar yield is comprised between 40 and 80% relatively to
glycerol.

However, the methods with urea generate ammonia in a
strong proportion, this ammonia therefore has to be neutral-
ized as a salt and these ammonia salts are not recoverable.
Drawbacks in terms of cost, difficulty of purification and
sometimes observance of the environment (notably discharge
of dioxane and/or glycidol, use of glycidol, use of a catalyst
based on tin, use of acetonitrile) are also described.

There is therefore a need to provide a method which may
easily be industrialized, which may be applied continuously
and which does not have any risk notably in terms of toxicity.

The present invention relates to a method for preparing by
transcarbonation a compound of formula (I)
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wherein R! represents:

a (CH,CH(OH)CH,0),H group; or

a (CH,CH(OH)CH,0),,CH,R? group;
n representing an integer from 1 to 10, preferably from 1to 5,
for example n represents 1 or 2;
mrepresenting an integer from 0 to 10, preferably from Oto 5,
for example m represents O or 1;
R? representing

(€]

o)ko
said method comprises the reaction, in the presence of a
catalytic system comprising as a catalytic entity a rare earth

oxide alone or a mixture of rare earth oxides, between an alkyl
carbonate or an alkylene carbonate and a polyol of formula

uy

an
OH
HO\(\)\/O)\
» H

wherein p represents an integer from 2 to 10.

In an embodiment, in the compound of formula (I) R!
represents (CH,CH(OH)CH,0), H.

In another embodiment, in the compound of formula (I) R*
represents (CH,CH(OH)CH,0), CH,R>.

Preferably, in the compound of formula (II) p represents an
integer from 2 to 5, preferably 2 or 3.

Within the scope of the present invention, the expression
<<comprised between x and y>> means that it also covers the
limits x and y. Thus, <<comprised between x and y>>may be
understood, within the scope of the invention, as meaning
<<ranging from X to y>>.

In the method according to the invention, the alkyl carbon-
ate may be a compound of formula (I1I)

(I

4
)]\/R

(6] O

3
e

wherein R® and R?, either identical or different, represent:

a linear or branched C,-C,, alkyl group;

a C5-C,, preferably C4-C, , aryl group; optionally substi-
tuted with one or several substituents, notably selected
from:

a C,-C,, preferably C,-C; alkyl group;
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a Cs-Cy,, preferably C,-C,,, preferably C4-C,, aryl
group, optionally substituted;

an alkyl-aryl group of formula -Q-Ar" wherein Q' rep-
resents a C,-C,, preferably C,-Cs alkyl radical and
Ar' represents a Cy-C,,, preferably Cg aryl group,
optionally substituted;

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein q represents an integer comprised between 2
and 5 and R represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C,, preferably C,-C; alkoxy group;

aC,-Cg cycloalkyl group optionally substituted with one or
several substituents, notably selected from:

a C,-C,, preferably C,-C alkyl group;

a Cs-Cy,, preferably C,-C,,, preferably C4-C,, aryl
group, optionally substituted;

an alkyl-aryl group of formula -Q*-Ar? wherein Q rep-
resents a C,-C,, preferably C,-Cs alkyl radical and
Ar? represents a Cy-C,,, preferably Cg aryl group,
optionally substituted;

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein q represents an integer comprised between 2
and 5 and R represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C,, preferably C,-C; alkoxy group; or

a heteroaryl group, preferably comprising 5 to 10 mem-
bers, preferably comprising 1 to 2 heteroatoms, notably
selected from oxygen, nitrogen or sulfur; optionally sub-
stituted with one or several substituents notably selected
from:

a C,-C,, preferably C,-C; alkyl group;

a Cs-Cy,, preferably C,-C,,, preferably C4-C,, aryl
group, optionally substituted;

an alkyl-aryl group of formula -Q>-Ar® wherein Q° rep-
resents a C,-C,, preferably C,-C; alkyl radical and
Ar® represents a C4-C,,, preferably Cy aryl group,
optionally substituted;

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein q represents an integer comprised between 2
and 5 and R represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C,, preferably C,-C; alkoxy group;

an alkyl-aryl group of formula -Q*-Ar* wherein Q* repre-
sents a C,-C,, preferably C,-Cs alkyl radical and Ar*
represents a C4-C, ,, preferably C, aryl group, optionally
substituted.

Preferably in the method of the invention, R* and R*, either

identical or different, represent:

a linear or branched C,-C,, alkyl group, for example a
methyl, ethyl, propyl, butyl;

aCq, C,,0orC,, aryl group, optionally substituted with one
or several substituents, notably selected from:

aC,-C, alkyl group, for example methyl, ethyl; a phenyl
group, optionally substituted;

an alkyl-aryl group of formula -Q'-Ar" wherein Q' rep-
resents a C,-C, preferably C, -C; alkyl radical and Ar!
represents a phenyl group optionally substituted,
preferably a methylphenyl, ethylphenyl;

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein q represents an integer comprised between 2
and 5 and R represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C, alkoxyl group, for example a methoxy, ethoxy;

aC,-Cg cycloalkyl group optionally substituted with one or
several substituents, notably selected from:

a C,-Cs alkyl group, for example a methyl, ethyl; a
phenyl group optionally substituted;
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an alkyl-aryl group of formula -Q*-Ar® wherein Q7 rep-
resents a C,-C,, preferably C,-C; alkyl radical and
Ar? represents a phenyl group optionally substituted,
preferably a methylphenyl, ethylphenyl;

a polyalkoxy group of formula —(OCH,CH,) q—ORQ
wherein q represents an integer comprised between 2
and 5 and R® represents a C,-C,, preferably C,-Cs
alkyl group;

aC,-C, alkoxy group, for example a methoxy, ethoxy; or

a heteroaryl group preferably comprising 5 to 10 members,
preferably comprising 1 to 2 heteroatoms, notably
selected from oxygen, nitrogen or sulfur, for example
aniline, optionally substituted with one or several sub-
stituents, notably selected from

a C,-C; alkyl group, for example a methyl, ethyl; a
phenyl group optionally substituted;

an alkyl-aryl group of formula -Q>-Ar® wherein Q° rep-
resents a C,-C,, preferably C,-C; alkyl radical and
Ar” represents a phenyl group optionally substituted,
preferably a methylphenyl, ethylphenyl;

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein q represents an integer comprised between 2
and 5 and R” represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C alkoxy group, for example a methoxy, ethoxy;

an alkyl-aryl group of formula -Q*-Ar* wherein Q* repre-
sents a C,-C,, preferably C,-C; alkyl radical and Ar*
represents a phenyl group optionally substituted.

Advantageously, the alkyl carbonate is dimethyl carbon-

ate, diethyl carbonate. Preferably, the alkyl carbonate is dim-
ethyl carbonate.

According to the invention, by an alkylene carbonate is

meant a compound of formula (IV)

av)
(€]

PN

(@) (6]

wherein
R®, R® R” and R® either identical or different are selected
from:

a hydrogen;

a linear, branched or cyclic C, -C,, preferably C,-C; hydro-
carbon group which may comprise one or several het-
eroatoms, notably selected from oxygen, nitrogen or
sulfur, and may comprise one or several substituents
OH;

a group of formula —CH,—R*®, wherein R'° represents a
linear, branched or cyclic C,-C,, preferably C,-Cs
hydrocarbon group which may comprise one or several
heteroatoms, notably selected from oxygen, nitrogen or
sulfur, and may comprise one or several substituents
OH;

a group of formula C(O)OR'?, wherein R'* represents a
hydrogen atom, a C,-C,, preferably C,-C; alkyl group
for example a methyl, ethyl;

a C5-C, cycloalkyl group optionally substituted with one or
several substituents notably selected from:

a C,-C,, preferably C,-C; alkyl group; a C5-C, ,, pref-
erably C4-C |, preferably C4-C, aryl group, option-
ally substituted;
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an alkyl-aryl group of formula -Q’-Ar® wherein Q° rep-
resents a C,-C,, preferably C,-C; alkyl radical and
Ar’ represents a C4-C,,, preferably Cy aryl group,
optionally substituted;

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein q represents an integer comprised between 2
and 5 and R represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C,, preferably C,-C; alkoxy group;

a heteroaryl group, preferably comprising 5 to 10 mem-
bers, preferably comprising 1 to 2 heteroatoms, notably
selected from oxygen, nitrogen or sulfur optionally sub-
stituted with one or several substituents notably selected
from:

a C,-C,, preferably C,-C; alkyl group; a C5-C,,, pref-
erably C,-C,,, preferably C,-C, , aryl group, option-
ally substituted;

an alkyl-aryl group of formula -Q°-Ar® wherein Q° rep-
resents a C,-C,, preferably C,-Cs alkyl radical and
Ar® represents a C4-C,,, preferably Cy aryl group,
optionally substituted;

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein n represents an integer comprised between 2
and 5 and R'® represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C,, preferably C,-C; alkoxy group;

a C4-C,, aryl group, optionally substituted with one or
several substituents, notably selected from:

a C,-C,, preferably C,-C; alkyl group; a C5-C,,, pref-
erably C,-C, ,, preferably C,-C, ; alkyl group, option-
ally substituted;

an alkyl-aryl group of formula -Q”-Ar” wherein Q” rep-
resents a C,-C,, preferably C,-C; alkyl radical and
Ar’ represents a C4-C,,, preferably Cy aryl group,
optionally substituted;

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein q represents an integer comprised between 2
and 5 and R” represents a C,-C,,, preferably C, Cs
alkyl group;

a C,-C,, preferably C,-C; alkoxy group;

an alkyl-aryl group of formula -Q8-Ar® wherein Q® repre-
sents a C,-C,, preferably C,-Cs alkyl radical and Ar®
represents a C4-C, ,, preferably C, aryl group, optionally
substituted;

or one of the R*/R® and one of the R”/R® form together with
the carbon atoms which bear them a double bond; or one of
the R*/R° and one of the R”7/R® form together with the carbon
atoms bearing them a double bond which is comprised in an
aryl, notably phenyl group, formed by R® and R” with the two
carbon atoms bearing them.

Preferably in the method of the invention R>, RS, R” and R®,

either identical or different are selected from:

a hydrogen;

a linear or branched C,-C,, preferably C,-C; alkyl group
which may comprise one or several heteroatoms, nota-
bly selected from oxygen, nitrogen or sulfur, and may
comprise one or several substituents OH; for example
methylene, ethylene;

a group of formula —CH,—R'°, wherein R'° represents a
linear or branched C, -C; hydrocarbon group which may
comprise one or several heteroatoms, notably selected
from oxygen, nitrogen or sulfur and may comprise one
or several substituents OH, for example ethylene, meth-
ylene;

a group of formula C(O)OR'!, wherein R'' represents a
hydrogen atom, a C,-Cs alkyl group, for example a
methyl, ethyl;
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a C5-Cg cycloalkyl group optionally substituted with one or

several substituents notably selected from:

aC,-C, alkyl group, for example methyl, ethyl; a phenyl
group optionally substituted;

an alkyl-aryl group of formula -Q°-Ar® wherein Q° rep-
resents a C,-C,, preferably C,-C; alkyl radical and
Ar’ represents a phenyl group optionally substituted,
preferably methylphenyl, ethylphenyl;

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein q represents an integer comprised between 2
and 5 and R represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C; alkoxy group, for example a methoxy, ethoxy;

a heteroaryl group, preferably comprising 5 to 10 mem-

bers, preferably comprising 1 to 2 heteroatoms, notably

selected from oxygen, nitrogen or sulfur, for example
aniline, optionally substituted with one or several sub-
stituents, notably selected from:

a C,-Cs alkyl group, for example a methyl, ethyl; a
phenyl group optionally substituted;

an alkyl-aryl group of formula -Q°-Ar® wherein QS rep-
resents a C,-C,, preferably C,-C; alkyl radical and
Ar® represents a phenyl group optionally substituted,
preferably a methylphenyl, ethylphenyl;

a polyalkoxy group of formula —(OCH,CH,) q—ORQ
wherein q represents an integer comprised between 2
and 5 and R represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C alkoxy group, for example a methoxy, ethoxy;

aCg, C,,orC,, aryl group, optionally substituted with one

or several substituents notably selected from:

a C,-C, alkyl group, for example a methyl, ethyl;

a phenyl group optionally substituted; an alkyl-aryl
group of formula -Q7-Ar” wherein Q7 represents a
C,-C,, preferably C,-C; alkyl radical and Ar” repre-
sents a phenyl group optionally substituted, prefer-
ably a methylphenyl, ethylphenyl;

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein q represents an integer comprised between 2
and 5 and R® represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C; alkoxy group, for example a methoxy, ethoxy;

an alkyl-aryl group of formula -Q3-Ar® wherein Q° repre-

sents a C,-C,, preferably C,-C; alkyl radical and Ar®

represents an optionally substituted phenyl;
or one of the R*/R® and one of the R”/R® form together with
the carbon atoms bearing them a double bond; or one of the
R>/R® and one of the R’/R® form together with the carbon
atoms bearing them a double bond which is comprised in an
aryl group, notably phenyl, formed by R® and R” with the two
carbon atoms bearing them.

Advantageously, the alkyl carbonate may be ethylene car-
bonate, propylene carbonate, dibutylene carbonate or dihexy-
lene carbonate.

According to the invention, the catalytic system comprises
as a catalytic entity, a rare earth oxide or a mixture of rare
earth oxides.

In an embodiment of the invention, the catalytic system
consists of a catalytic entity selected from rare earth oxides or
mixtures thereof.

By rare earth (Ln), are meant chemical elements selected
from the group formed by scandium, yttrium and chemical
elements with an atomic number from 57 to 71. Advanta-
geously, the rare earths are selected from cerium (Ce), lan-
thanum (La), praseodymium (Pr), neodymium (Nd), yttrium
(Y), gadolinium (Gd), samarium (Sm) and holmium (Ho),
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alone or as a mixture, preferably cerium, lanthanum,
praseodymium, samarium, yttrium and neodymium, or mix-
tures thereof.

According to the invention, the rare earth oxides are
selected from CeO,; Pr,O,,, rare earth oxides of formula
Ln,0O; wherein Ln represents lanthanum, neodymium,
yttrium, gadolinium, samarium or holmium; alone or as a
mixture.

Advantageously, the rare earth oxides are selected from
La,0;, CeO,, Pr0,,, Nd,O;, Sm,0;, Y,O;, alone or as a
mixture, preferably La,O,. As a particular mixture, mention
may for example be made of CeO,/PrO;.

Preferably, the rare earth oxide is La,O;.

Preferably, the rare earth oxide is CeO.

Generally, the catalytic system according to the invention
consists of a catalytic entity in solid form, thereby allowing its
use in a continuous method. The catalyst may notably be
found in monolithic form (forming a single inert, rigid,
porous block) or in an extruded form.

The catalytic system may also comprise an inert support on
which is deposited the catalytic entity. The catalytic system
comprising a support according to the invention may be in an
extruded form, in the form of a coating having catalytic prop-
erties and based on a rare earth oxide or on a mixture of rare
earth oxides and optionally of a binder of a known type on a
substrate of the monolithic metal or ceramic type. Advanta-
geously, it is in an extruded form. The extruded form advan-
tageously gives the possibility of shaping the method of the
invention continuously, which is not possible with a powder
catalyst which would obstruct the different elements of the
reactor.

For the method according to the invention, by extruded
catalytic system is meant any catalytic system obtained by
ejection under pressure of a slurry through nozzles or dies of
selected shapes. The thereby obtained catalytic systems may
have various forms, they may for example have cylindrical or
half-cylindrical, square, polygonal sections or further sec-
tions in the form of lobes, such as tri-lobes. The catalytic
systems may be solid or hollow, they may have the form of a
monolith or of a honeycomb. These extruded catalytic sys-
tems may notably be obtained by the method as described on
pages 4 to 10 of the patent application W0O98/24726.

By inert support is meant a support which does not come
into play, as a catalyst or as a reagent, in the transcarbonation
reaction of the invention and this regardless of the pH. Typi-
cally, the support is neutral, i.e. it does not substantially
modify the catalytic activity of the catalytic entity. The sup-
port may also be described as inactive in so far that it does not
have any catalytic activity for the reaction and does not
modify the catalytic activity of the catalytic entity. The sup-
ports are selected from extrudable and non-hydrolyzable sup-
ports or monolithic and non-hydrolyzable supports.

Preferably, the support may be selected from extrudable
and non-hydrolyzable metal oxides, clays, active coals (black
coals), ceramic or metal monoliths.

The support may for example be selected from titanium
oxides, zirconium oxides, iron oxides; aluminium oxides,
notably alundum; silica-alumina, for example clays; active
coals; Kieselguhr.

This may also be corundum, silica carbide, pumice.

Among extrudable and non-hydrolyzable metal oxides,
mention may preferably be made of titanium oxides, zirco-
nium oxides, iron oxides, aluminium oxides, preferably tita-
nium oxides, zirconium oxides, neutral alumina. More pref-
erably, the support is selected from titanium oxides,
zirconium oxides, iron oxides, aluminium oxides, notably
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neutral alumina, active coals preferably titanium oxides, zir-
conium oxides, neutral aluminas, active coals.

The amount of catalytic entity on the support may be com-
prised between 0.05 to 25% by mole based on the number of
moles of the support, preferably from 1 to 10% molar. It
should be noted that this value notably depends on the nature
of'the support, on its specific surface area, on its porosity and
on the desired catalytic properties.

According to the invention, the catalytic system may nota-
bly have a specific surface area of at least 1 m*/g, preferably
the specific surface area is comprised between 1 and 150
m?/g, more preferentially comprised between 3 and 100 m*/g.
One skilled in the art is able to adjust this specific surface area
for example by calcination of the catalytic system.

According to the invention, the catalytic system may be
doped with metals of the Lewis acid type, for example tran-
sition metals, earth-alkaline metals and metalloids. Advanta-
geously, these catalytic entities form with the dopants solid
solutions forming an entity unit.

These metals may be selected from iron (Fe” and Fe™™),
copper (Cu’ and Cu%), aluminium (AFY), titanium (Ti™"),
boron (B™), zinc (Zn™) and magnesium (Mg”). Preferably
these metals are selected from the group formed by iron (Fe”
and Fe™), copper (Cu’ and Cu™), titanium (Ti’") and zinc
(Zn™).

In the method of the invention, the relative percentage of
metal relatively to the catalytic entity may be comprised
between 0.01 and 10% by moles, preferably between 1 and
10% by moles, for example between 1 and 5% by moles.

Advantageously, the catalytic systems of the invention are
stable towards water. For example the catalysts of the inven-
tion may contain less than 5% by weight of water. This advan-
tageously gives the possibility of conducting the transcarbon-
ation reaction in a medium containing water, for examplein a
medium containing less than 15% by weight of water, for
example less than 5% by weight of water. Thus, and unlike the
method of the state of the art, it is not necessary to have
significant control of the amount of water in the reaction
medium and it is not necessary to apply reagents free of water.
This notably has advantages in terms of costs.

The catalyst according to the invention may advanta-
geously be easily recovered after reaction with any method
known to one skilled in the art, notably by decantation or
filtration.

The method according to the invention is conducted at
atmospheric pressure or autogenous pressure.

By autogenous pressure is meant the pressure inside the
reactor which is due to the reagents used. In the case of the
present invention, by autogenous pressure is meant a pressure
of'less than 1 MPa, preferably less than 0.5 MPa, preferably
less than 0.3 MPa, for example less than 0.2 MPa.

According to the invention, the method according to the
invention is applied at a temperature comprised between 25
and 250° C., preferably between 25 and 200° C., for example
between 50 and 125° C.

Advantageously, the polyol/alkyl carbonate or polyol/
alkylene carbonate molar ratio is comprised between 1/30
and 1/1, preferably between 1/20 and 1/1, for example
between 1/15 and 1/1.

Advantageously, the polyol/alkyl carbonate or polyol/
alkylene carbonate molar ratio is comprised between 1/30
and 1/10, preferably between 1/30 and 1/15 and the com-
pound of formula (I) is a compound in which R! represents
(CH,CH(OH)CH,0),,CH,R>.

Advantageously, the polyol/alkyl carbonate or polyol/
alkylene carbonate molar ratio is comprised between 1/8 and
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1/1, preferably between 1/5 and 1/1 and the compound of
formula (I) is a compound in which R* represents (CH,CH
(OH)CH,0),H.

Advantageously, the amount of catalytic entity is com-
prised between 0.01 and 50% molar based on the number of
moles of polyol, preferably between 1 and 25% molar, pref-
erably between 3 and 15% molar.

The method according to the invention gives the possibility
of obtaining the compound of formula (I) with good yields.

Advantageously, the method according to the invention is
applied in the absence of a solvent. The polyol may be used as
a solvent in the reaction according to the invention.

The method according to the invention may be applied
continuously or batch wise. Advantageously, the method
according to the invention is applied continuously.

According to the invention, the method may comprise a
preliminary step for preparing an alkyl carbonate or an alky-
lene carbonate. This preliminary step is achieved by reaction
between an alcohol or a mixture of alcohols or a diol and CO,,
in the presence of a catalytic system consisting of a catalytic
entity selected from rare earth oxides and mixtures of rare
earth oxides and optionally of a support.

The catalytic entity and the support are as defined for the
transcarbonation method according to the invention.

Advantageously, the molar ratio between alcohol or diol
and CO, is comprised between 1 and 150 equivalents in
moles, preferably between 1 and 100 equivalents.

According to the invention, the preliminary step for pre-
paring an alkyl carbonate or an alkylene carbonate is applied
at an autogenous pressure or at atmospheric pressure.

According to the invention, the preliminary step for pre-
paring an alkyl carbonate or an alkylene carbonate is applied
at a temperature comprised between 25 and 250° C., prefer-
ably between 25 and 200° C., for example between 50 and
150° C.

Advantageously, the amount of catalytic system is com-
prised between 0.01 and 50% by mass based on the weight of
alcohol, of a mixture of alcohols or of diol, preferably
between 1 and 25% by mass, preferably between 3 and 15%
by mass.

According to the invention, the alcohol fits the formula
R'20H wherein R'? represents:

a linear or branched C,-C,, alkyl group;

a C5-C,, aryl group optionally substituted with one or

several substituents, notably selected from:

a C,-C,, preferably C,-C alkyl group;

a Cs-Cy,, preferably C,-C,,, preferably C4-C,, aryl
group, optionally substituted;

an alkyl-aryl group of formula -Q-Ar" wherein Q' rep-
resents a C,-C,, preferably C,-Cs alkyl radical and
Ar® represents a Cy-C,,, preferably Cg aryl group,
optionally substituted;

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein n represents an integer comprised between 2
and 5 and R represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C,, preferably C,-C; alkoxy group;

aC,-Cg cycloalkyl group optionally substituted with one or

several substituents notably selected from:

a C,-C,, preferably C,-C alkyl group;

a Cs-Cy,, preferably C,-C,,, preferably C4-C,, aryl
group, optionally substituted;

an alkyl-aryl group of formula -Q*-Ar? wherein Q rep-
resents a C,-C,, preferably C,-Cs alkyl radical and
Ar? represents a Cy-C,,, preferably Cg aryl group,
optionally substituted;
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10

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein q represents an integer comprised between 2
and 5 and R® represents a C,-C,,, preferably C,-C;
alkyl group;

a C,-C,, preferably C,-C; alkoxy group; or

a heteroaryl group, preferably comprising 5 to 10 mem-
bers, preferably comprising 1 to 2 heteroatoms, notably
selected from oxygen, nitrogen or sulfur; optionally sub-
stituted with one or several substituents, notably
selected from:

a C,-C,, preferably C,-C; alkyl group;

a Cs-Cy,, preferably C,-C,,, preferably C,-C aryl
group, optionally substituted;

an alkyl-aryl group of formula -Q°-Ar® wherein Q° rep-
resents a C,-C,, preferably C,-C; alkyl radical and
Ar® represents a C4-C,,, preferably Cy aryl group,
optionally substituted;

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein q represents an integer comprised between 2
and 5 and R represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C,, preferably C,-C; alkoxy group;

an alkyl-aryl group of formula -Q*-Ar* wherein Q* repre-
sents a C,-C,, preferably C,-Cs alkyl radical and Ar*
represents a C4-C | 4, preferably C, aryl group, optionally
substituted.

Preferably in the method of the invention, R'? represents:

a linear or branched C,-C,, alkyl group, for example a
methyl, ethyl, propyl, butyl;

aCg, C,,orC,, aryl group, optionally substituted with one
or several substituents, notably selected from:

a C,-C; alkyl group, for example methyl, ethyl; a phenyl
group, optionally substituted;

an alkyl-aryl group of formula -Q"-Ar* wherein Q* rep-
resents a C,-C,, preferably C,-C; alkyl radical and Ar*
represents a phenyl group optionally substituted,
preferably a methylphenyl, ethylphenyl;

a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein q represents an integer comprised between 2
and 5 and R® represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C; alkoxy group, for example a methoxy, ethoxy;

a C5-Cg cycloalkyl group optionally substituted with one or
several substituents, notably selected from:

a C,-Cs alkyl group, for example a methyl, ethyl; a
phenyl group optionally substituted;

an alkyl-aryl group of formula -Q*-Ar® wherein Q7 rep-
resents a C,-Cg, preferably C,-C; alkyl radical and
Ar” represents a phenyl group optionally substituted,
preferably a methylphenyl, ethylphenyl;

a polyalkoxy group of formula —(OCH,CH,) q—ORQ
wherein q represents an integer comprised between 2
and 5 and R represents a C,-C,, preferably C,-Cs
alkyl group;

a C,-C, alkoxy group, for example a methoxy, ethoxy; or

a heteroaryl group preferably comprising 5 to 10 members,
preferably comprising 1 to 2 heteroatoms, notably
selected from oxygen, nitrogen or sulfur, for example
aniline, optionally substituted with one or several sub-
stituents, notably selected from:

a C,-Cs alkyl group, for example a methyl, ethyl; a
phenyl group optionally substituted;

an alkyl-aryl group of formula -Q>-Ar® wherein Q° rep-
resents a C,-C,, preferably C,-C; alkyl radical and
Ar® represents a phenyl group optionally substituted,
preferably a methylphenyl, ethylphenyl;
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a polyalkoxy group of formula —(OCH,CH,) q—OR9
wherein q represents an integer comprised between 2
and 5 and R® represents a C,-C,,, preferably C,-C;
alkyl group;
a C,-C; alkoxy group, for example a methoxy, ethoxy;
an alkyl-aryl group of formula -Q*-Ar* wherein Q* repre-
sents a C,-C,, preferably C,-Cs alkyl radical and Ar*
represents a phenyl group optionally substituted.
According to the invention, the diol fits the formula (V)

W)
HO OH

R>” "RS

R¢ R’

wherein

R®,R® R” and R® either identical or different are as defined
earlier.

By a continuous method is meant a method in which the
reagents are brought continuously into the reactor and the
products are drawn off from the reaction medium, continu-
ously and then separated. The unreacted reagents may be
reintroduced into the reaction medium or else removed.

The invention will now be described by means of
examples, the latter being given as an illustration without
however being limiting.

EXAMPLE 1
Synthesis of Diglycerol Monocarbonate

In a 50 ml flask, provided with a condenser, 7 g (42 mmol)
of diglycerol (purity =80%) and 15.2 g (168 mmol) of dim-
ethyl carbonate are introduced. The mixture is then brought to
90°C.and 0.7 g (2.1 mmol, 5 mol %) of lanthanide oxide are
added. The reaction medium is heated to 120° C. for 24 hours.
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The solution is then filtered. After evaporation of dimethyl
carbonate, the obtained product is purified by a chromato-
graphic column on a flash silica column (Eluent (dichlo-
romethane/MeOH: 9/1)) in order to obtain diglycerol mono
carbonate with an isolated yield of 81% and diglycerol dicar-
bonate with an isolated yield of 19%.

EXAMPLE 2
Synthesis of Triglycerol Monocarbonate

In a 50 ml flask, provided with a condenser, 7 g (29 mmol)
of triglycerol and 10.5 g (116 mmol) of dimethyl carbonate
are introduced. The mixture is then brought to 90° C. and 0.47
g (1.5 mmol, 5 mol %) of lanthanide oxide are added. The
reaction medium is heated to 120° C. for 24 hours. The
solution is then filtered. After evaporation of dimethyl car-
bonate, the obtained product is purified by a chromatographic
column on a flash silica column (eluent (dichloromethane/
MeOH: 9/1)) in order to obtain triglycerol monocarbonate
with an isolated yield of 80% and triglycerol dicarbonate with
an isolated yield of 20%.

EXAMPLE 3
Synthesis of Diglycerol Dicarbonate

In a 100 ml flask, provided with a condenser, 5 g (30 mmol)
of diglycerol (purity 80%) and 40.7 g (450 mmoles) of dim-
ethyl carbonate are introduced. The mixture is then brought to
90° C. and 0.5 g (1.5 mmol, 5 mol %) of lanthanide oxide are
added. The reaction medium is heated to 120° C. for 48 hours.
The solution is then filtered. After evaporation of dimethyl
carbonate, the product is crystallized from methanol in order
to obtain after filtration of the solution, diglycerol dicarbonate
with an isolated yield of 90%.

The following table groups the results of the different
applied tests.

Conversion in Isolated yield

Inlet Catalyst Obtained products % in %
1 O 81
on 0 4(
HO\)\/OWO
La,0, — >99 —
O, O 19
O\)\/O\/k/o
2 O 80
OH OH ¢} 4(
HO\)VO\)VO\A/O
La,05 — >99 —
(@) (0] 20

Dot
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-continued

14

Inlet Catalyst Obtained products

Conversion in Isolated yield

% in %

3 Lay0 o) 0

>99 90

The method according to the invention therefore gives the
possibility of obtaining in a simple and efficient way polyg-
lycerol (poly)carbonates.

The invention claimed is:

1. A method for preparing by transcarbonation of a com-
pound of formula (),

@

wherein R represents:

a (CH,CH(OH)CH,0), H group; or

a (CH,CH(OH)CH,0),,CH,R? group;
n representing an integer from 1 to 10;
m representing an integer from 0 to 10;
R? representing

A

O O

/

said method comprising the reaction, in the presence of a
catalytic system comprising as a catalytic entity selected
from a group consisting of a rare earth oxide alone and a
mixture of rare earth oxides, between an alkyl carbonate
or an alkylene carbonate and a polyol of formula (II)

OH
HO\()\/O%
» H

wherein p represents an integer from 2 to 10.
2. The method according to claim 1 wherein the alkyl
carbonate is a compound of formula (III):

an

(1)

3
R

4
)k/R

(6] O

wherein R and R?, either identical or different, represent:
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a linear or branched C,-C,, alkyl group;

a C5-C,, aryl group;

a C5-C; cycloalkyl group; or

a heteroaryl group;

an alkyl-aryl group of formula -Q*-Ar* wherein Q* rep-
resents a C,-C, alkyl radical and Ar* represents a
C4-C, 4 aryl group.

3. The method according to claim 1 wherein the alkylene
carbonate is a compound of formula (IV)

av)

O
o)l\o
RS
5
R RS g7
wherein
R3 RS, R7 and R® either identical or different are selected
from:
a hydrogen;

a linear, branched or cyclic C,-C, hydrocarbon group
which may have one or several heteroatoms, and may
have one or several substituents OH;

a group of formula—CH,—R'®, wherein R'° represents
a linear, branched or cyclic C,-C, hydrocarbon group
which may have one or several heteroatoms, and may
have one or several substituents OH;

a group of formula C(O)OR'!, wherein R'! represents a
hydrogen atom, a C,-C, alkyl group;

a C5-C; cycloalkyl group;
a heteroaryl group;
a C4-C, 4, aryl group;

an alkyl-aryl group of formula -Q®-Ar® wherein Q° rep-
resents a C,-C, alkyl radical, and Ar® represents a
Cs-C4 aryl group;

or one of the R*/R and one of the R”/R® form together with

the carbon atoms bearing them a double bond; or one of
the R®/R° and one of the R”/R® form together with the
carbon atoms bearing them a double bond which is com-
prised in an aryl group formed by R and R” with the two
carbon atoms bearing them.

4. The method according claim 1 wherein R' represents
(CH,CH(OH)CH,0),H.

5. The method according to claim 1 wherein R' represents
(CH,CH(OH)CH,0),,CH,R>.

6. The method according to claim 1 wherein the rare earth
oxides fit the formula Ln,O;, with Ln representing lantha-
num, neodymium, yttrium, gadolinium, samarium or hol-
mium; CeO, or PrO, , alone or as a mixture.

7. The method according to claim 6, wherein the rare earth
oxides are selected from La,O;, CeO,, PrsO,;, Nd,O;,
Sm,0;, Y,0;, alone or as a mixture.
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8. The method according to claim 1 wherein the catalytic
system comprises an inert support selected from the group
consisting of extrudable and non-hydrolyzable metal oxides,
clays, active coals (black coals), ceramic monoliths, and
metal monoliths.

9. The method according to claim 1 wherein the catalytic
system is extruded.

10. The method according to claim 1 wherein the polyol/
alkyl carbonate or polyol/alkylene carbonate molar ratio is
comprised between 1/30 and 1/10.

11. The method according to claim 1 wherein the polyol/
alkyl carbonate or polyol/alkylene carbonate molar ratio is
comprised between 1/8 and 1/1.

12. The method according to claim 1, wherein the amount
of catalytic entity is comprised between 0.01 and 50% molar
based on the number of moles of polyol.

13. The method according to claim 1, applied continuously.

14. The method according to claim 1, wherein the polyol/
alkyl carbonate or polyol/alkylene carbonate molar ratio is
comprised between 1/30 and 1/15.

15. The method according to claim 1, wherein the polyol/
alkyl carbonate or polyol/alkylene carbonate molar ratio is
comprised between 1/5 and 1/1.

16. The method according to claim 1, wherein the amount
of catalytic entity is comprised between 1 and 25% molar
based on the number of moles of polyol.

17. The method according to claim 1, wherein the amount
of catalytic entity is comprised between 3 and 15% molar
based on the number of moles of polyol.

#* #* #* #* #*
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